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FOREWORD

This report describes results of work performed by the Northrop

Corporation, Aircraft Group, Hawthorne, California, under Air Force Contract

F33615-76-C-3121, "Effect of Multiaxial Loading on Crack Growth," Project

486U, "Advanced Metallic Structures - Advanced Development Program," Task

486U02, work unit 486U0224. The effort was sponsored by the Air Force

Flight Dynamics Laboratory, Air Force Wright Aeronautical Laboratories, Air

Force Systems Command, Wright-Patterson Air Force Base, Ohio. Captains

John E. Allison and Donald R. Holloway of the AFFDL/FBE were the Air Force

Project Engineers.

The program was performed by the Structures Research Department of

Northorp Corporation, Aircraft Group, under the overall supervision of

L. L. Jeans, Manager, Structural Life Assurance Research. Mr. A. F. Liu

was the Northrop Program Manager and Principal Investigator. He was

assisted by D. F. Dittmer on experimental tasks; J. R. Yamane,

Dr. J. P. Buban, and Dr. H. P. Kan on analytical tasks. Dr. M. M. Ratwani

provided guidance on cracked finite element analysis.

This report covers work accomplished during the period September 1976

through September 1978. This report consists of three volumes.

Volume I Technical Summary

Volume II Compilation of Experimental Data

Volume III Compilation of Interferometry Photographs

iii
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SECTION I

COMPILATION OF INTERFEROMETRY PHOTOGRAPHS

This volume of the report compiles all 170 interferometry photographs

taken from 30 cruciform specimens. These photographs were taken from three

groups of specimens as listed:

1. Constant Amplitude (Figures 1 through 90)

2. Single Overload (Figures 91 through 130)

3. Constant Amplitude, Out-of-Phase (Figures 131 through 170)

The photographs were taken at zero load (after unloaded from the stress

levels indicated in the figure) or at peak load conditions. The loading con-

ditions and crack size while the picture was taken are identified and noted

on each photograph.



7075-T7351, a = 0.25 inch
or=0, or = 12 ksi unloaded

Maxgnifica~ion: 45. 2X
Test Case 8
Specimen 7-1-1

Figure 1. Interferometry Photograph of an Unloaded Crack in a 7075-T7351
Specimen

2



7075-T7351, a = 0.505 inch
Cy = 0, ty = 12 ksi unloaded
Mxagnifica~ion: 4~9.5X
Test Case 8
Specimen 7-1-2
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Figure 2. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

3



7075-T7351, a =0.75 inch
Or.= 0 , cr = 12 ksi unloaded

Nagnifica~ion: 46. lx
Test Case 8
Specimen 7-1-3

Figure 3. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.00 inch
or= 0, (7 = 12 ksi unloaded

Magnifica~ion: 47. 9X 4
Test Case 8
Specimen 7-1-4

Figure 4. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a =0.510 inch
9 = , or= 12 ksi unloaded

MagnificAij00 : 45. 8X
Test Case 11
Specimen -7-51-1

Figure 5. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.510 inch
a=0, a=12 ksi at load

Oagnificahion: 46.7X
Test Case 11
Specimen -7-51-2.1

Figure 6. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.510 inch
a=0, or = 12 ksi at load'

M~gnifica~ion: 45.2X
Test Case 11w
Spe:-cimen -7-51-2.2

(77

4,4

Figure 7. Interferonetry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.760 inch
or =0, a = 12 ksi unloaded
0 gni fica~ion: 46.2X
Test Case 11
Specimen -7-51-3

I~ 
IVA

Figure 8. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.760 inch
a= 0, a=12 ksi at load

Magn fica~ion: 45. IX
Test Case 11
Specimen -7-51-4

JA I

IFt

Figure 9. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.005 inch
Cr= 0, c = 12 ksi unloaded

Magnifica~ion: 46. 7X
Test Case 11
Specimen -7-51-5.1

Figure 10. Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
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7075-T7351, a = 1.005 inch
(7 = 0, cr = 12 ksi unloaded
Magn, fica~ion: 44.5X
Test Case 11
Specimen 7-51-5.2

Figure 11. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.005 inch
a = 0, a. = 12 ksi at load
M1gnificahion: 46.0X
Test Case 11
Specimen 7-51-6

4

xii

LL
Figure 12. Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
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7075-T7351, a = 0.25 inch
0= 12, a = 12 ksi unloaded

magnificatilon: 48. 2X
Test Case 23
Specimen 7-17-1

41



7075-T7351, a = 0.25 inch
a =12, a =12 ksi at load
M~gnificat~on: 49. 2X
Test Case 23
Specimen 7-17-2

46

Figure 14. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.5 inch
a x= 12, ar = 12 ksi unlae
Magnificat~on: 51.1iX
Test Case 23
Specimen 7-17-3

, 
44

44

Figure 15. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.5 inch

a= 12, a, = 12 ksi at load
Magnificat~ion: 46. 9X
Test Case 23
Specimen 7-17-4

Figure 16. Interferonetry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.995 inch

a 12 , a = 124ksi unloaded

Test Case 23
S cmn7-17-5

Figure 17. Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
18



7075-T7351, a = 0.995 inch
a = 12, a = 12 ksi at load
Maxgnificat~on: 44. 8X
Test Case 23
Specimen 7-17-6

%

Figure 18. Interferonetry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.26 inch
a = -1.*2 , C, = 12 ksi unloaded
Mfagni ficatioX: 48.0X
Test Case 25
Specimen 7-23-1

02



7075-T7351, a = 0.26 inch
a = -1.*2, a = 12 ksi at load
Maxgni ficatioX: 47.1iX
Test Case 25
Specimen 7-23-2

'.A

Fvue2.Itreoer htgaho oddCaki

707-T35 Specimen.
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7075-T7351, a =0.505 inch
a = -1.2, 12 ksi unloaded
Magni ficatioiý: 47.8X
Test Case 25
Specimen 7-23-3

41

Figure 21. Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
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7075-T7351,, a = 0D.505 inch

a = -1. 2, a = 12 ksi at load
MIagnificatioX: 39. 5X
Test Case 25
Specimen 7-23-4

'w)

$j

Figure 22. Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
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7075-T7351, a = 1.015 inc
a= -1.,2 , 0' = 12 ksi unlae

Magn ficatioX: 47. 6X
Test Case 25
Specimen 7-23-5

A 
4k

0 "ae0

~4

Figure 23. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a =1.015 inch

a= -1.,2 , a = 2 ksi at loa

Test Case 25

Specimen 7-23-6

ir

Figure 24. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.25 inch
a x= 6, a = 12 ksi unloaded
Magnifica~ion: 49.4X
Test Case 27
Specimen 7-94-1

"Al

Figure 25. Interferonetry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.25 inch
a = 6, a = 12 ksi at load
Maxgni fica~ion: 46.2X
Test Case 27
Specimen 7-94-2

44

Figure 26. Lnterferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.495 inch
a = 6, 1 = 12 ksi unloaded

MOgnifica~ion: 45. OX
Test Case 27
Specimen 7-94-3

Figure 27. Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen

28



7075-T7351, a = 0.495 inch

a = 6, a =12 ksi at load

Test Case 27

Specimen 7-94-4

'U/

Figure 28. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.00 inch
ax = 6,1 a = 12 ksi unloaded
Magnifica~ion: 45.OX
Test Case 27
Specimen 7-94-5

~~Aý

Figure 29. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.00 inch
a -6, a -12 ksi at load
MOgnificA~ion: 45.OX
Test Case 27
Specimen 7-94-6.1

J4

Figure 30. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.00 inch
CF = 6, a = 12 ksi at load

Test Case 27
Specimen 7-94-6.2

Figure 31. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.215 inch
ax= 18, a = 184ksi unloaded

Test Case 55

Specimen 7-11-1

0I

Figure 32. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a =0.215 inch

a = 18, a 18 ksi at load
Ma gni ficatyofl: 41. 3X
Test Case 55
Specimen 7-1.1-2

JN

Figure 33. Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
34



7075-T7351, a = 0.43 inch
a = 18,1 a = 18 ksi unloaded
A gnificat~on: 47. 9X
Test Case 55
Specimen 7-11-3 V

Figure 34. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.43 inch
a = 18 , a = 18 ksi at loae
Maxgni ficat~!on: 43.-8X
Test Case 55
Specimen 7-11-4

Figure 35. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.655 inch
0y = 18, a = 18 ksi unloaded
Maxgnification: 44.5X
Test Case 55
Specimen 7-11-5

r Aft

Figure 36. Interferonetry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
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7075-T7351, a = 0.105 inch
a = -1.8, o = 18 ksi unloaded

Mxgnificatio: 48.6X
Test Case 56
Specimen 7-34-1

Figure 37. Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
38



7075-T7351, a = 0.105 inch
ax = -1.8, a = 18 ksi at load
MagnificatioX: 47.5X
Test Case 56
Specimen 7-34-2

A &Ir

Fig'ure 38. Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
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7075-T7351, a = 0.215 inch
or= -1.,8, a = 18 ksi unloadedx

Ma gn ificatioX: 48. 3X
Test Case 56
Specimen 7-34-3.1L

AA

4~40



7075-T7351, a = 0.215 inch

or=-1.8, a = 18 ksi unloaded
MagnificatioX: 48. 3X
Test Case 56
Specimen 7-34-3.2

AAA

7075-T7351 Specimen
41



7075-T7351, a =0.215 inch
a -1.8 * 8 18 ksi at load
MagnificatioX: 47.6X
Test Case 56
Specimen 7-34-4

4. MA

Figure 41. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a o- 0.43 inch

a - -1.8, a = 18 ksi unloaded
MAgnif icatioX: 47.9X
Test Case 56
Specimen 7-34-5

NT

KJ

-r lot

ASWAO*

Figure 42. Interferometry Photograph of an Unloaded Crack in a
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7075-T7351, a = 0.43 inch

U= -1.8, a = 18 ksi at load

Test Case 56
Specimen 7-34-6

4

p~E~rVAVA

Figure 43. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.14 inch
G = 1, a =30 ksi unloaded

Mffgni fication: 45. 9X
Test Case 63
Specimen 7-16-1

Figure 44. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.14 inch
a = 15, a = 30 ksi at load
Mxagnificat~Ion: 58.3X
Test Case 63
Specimen 7-16-2

44



7075-T7351, a -0.305 inch

a-15, a. = :30 ksi unloaded
Magnification: 39. 2X
Test Case 63
Specimen 7-16-3.1

Figure 46. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

47



7075-T7351, a = 0.305 inch
a - 15, a = 30 ksi unloaded
Magnification: 34.7X
Test Case 63
Specimen 7-16-3.2

J:I

4

ILI

Figure 47. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.305 inch
a = 15, a~ = 30 ksi at load

Mxagnificat~ofl 35 .4X
Test Case 63
Specimen 7-16-4

Figure 48. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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2024-T351, a =0.4955 inch
a=O 0 = 10 ksi unloaded
MýignificaYion: 80.9X
Test Case 12Y
Specimen 2-33-1.

W,>

Figure 49. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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2024-T351, a = 0.495 inch
=0, = 10 ksi unloadedV

Magnificalion: 65 .2x
Test Case 12
Specimen 2-33-1.2

Figure 50. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen 5



2024-T351, a = 0.74 inch
= 00 =10 ksi unloaded

Magnific~tion: 28.8X
Test Case 12
Specimen 2-33-2

Figure 51. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.98 inch

a 0 a = 10 ksi unloaded

Magnification :46.2X
Test Case 12
Specimen 2-33-3

Figure 52. Interferometry Photograph of an Unloaded Crack in a

2024-T351 Specimen
53



2024-T351, a = 1.495 inch
aX = 0,a = 10 ksi unloaded
Maxgnifichtion: 25. 9X
Test Case 12
Specimen 2-2i3-4

Figure 53. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.24 inch
a 0,a = 10 ksi unloaded
MAgnif~cation: 43.7X
Test Case 10
Specimen 2-6-1

Figure 54. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.24 inch
a = 0 ,a = 10 ksi at load
Mggnific~tion: 46.2X
Test Case 10
Specimen 2-6-2

Figure 55. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a - 0.485 inch
a I Oa -10 ksi unloaded
MdgnificXtion: 45. OX
Test Case 10
Specimen 2-6-3

Figure 56. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.485 inch
a = 0,a 10 ksi unloaded
M~gnific~tion: 46.1lX
Test Case 10
Specimen 2-6-4

Figure 57. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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[2024-T351, a = 0.745 inch

C =F 0,0 = 10 ksi unloaded
FMagnificXtion: 46.7X
Test Case 10
Specimen 2-6-5

Figure 58. Thterferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.745 inch
a = 0,a = 10 ksi unloaded
MagnificXtion: 45. OXV
Test Case 10
Specimen 2-6-6

Figure 59. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.99 inch
ax = 0,a = 10 ksi unloaded
Magnificdtion: 44.8X
Test Case 10
Specinen 2-6-7

F.1

Figure 60. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a -0.99 inch
a = 0,a 10 ksi. at load

Specimen Specime
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2024-T351, a = 0.11 inch
a = 15, a = 15 ksi unloaded
MOgnificatlon: 47. OX
Test Case 59
Specimen 2-5-1

AlbA

Figure 62. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.11 inch
a 15, a 15 ksi at load
bdgnificat?~%n: 46. 7X
Test Case 59
Specimen 2-5-2

Figure 63. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.205 inch

a = 15, a =n 15 ksi unloaded

Test Case 59
Specimen 2-5-3

Figure 64. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.205 inch

a= 15, a 15 ksi at load

Test Case 59

Specimen 2-5-4

Figure 65. .Lnterterometry Photograph of a Loaded Crack in a

2024-T351 Specimen
66



2024-T351, a = 0.425 inch

0= 15, a = 15 ksi unloaded

MOgnificat~Iofl 46.2X

Test Case 59
S ecimen 2-5-5

144
4,4

Figure 66. Interferometry Photograph of a Loaded Crack in a

2024-T351 Specimen
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2024-T351, a =0.425 inch

Ma gn ificat~on: 4154~Xatla
Test Case 5-9
Specimen 2-5-6

4. 9J

4*4

JAA

ri

Figue 67 Inerfeomery Potoraphof Loaed rackin1

204-35 Specime
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2024-T351, a =0.27 inch

a= -1.0, a 10 lksi unloae

Test Case 33
Specimen 2-44-1

,Ip

Figure 68. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.27 inch
a =-1.0, a =10 ksi at load

MagnificatioX: 45.4X
Test Case 33
Specimen 2-44-2

74

Figure 69. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.52 inch

a= -1.0, a 10 lksi unloaded

Test Case 33

Specimen 2-44-3

4$

Figure 70. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.52 inch

ar = -10 10 ksi at load

Magnificatio: 46.6X

Figure 71. Interferometry Photograph of a Loaded Crack in a

2024-T351 Specimen

72



2024-T351, a =1.02 inch

or= -1.0, 0or= 10 ksi unloaded

Magnificatioý: 46.9X

Test Case 33

Specimen 2-44-5

44

4t

Fiur 7. ntrermeryPhtgrphofanUnode Cac i*
204-31Sein

73



2024-T351, a =1.02 inch

ax -1.0, or, 10 ksi atla
MagnificatioX: 47.3X
Test Case 33 

4 .

Specimen 2-44-6

'A'p
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2024-T351, a =0.24 inch

a= 10, or 10 ksi unloaded
Magnification: 48. 3X
Test Case 31
Specimen 2-43-1

Of i

Figure 74. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.24 inch

o.= 10, ~.=10 ksi at load
Magnificatyon: 47. 7X
Test Case 31
Specimen 2-43-2

IV

Figure 75. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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* 2024-T351, a 0.49 inch

cr=10, or= 10 ksi unloadedNagnificatfon: 47.2X
Test Case 31
Specimen 2-43-3

VP

Af,

Figure 76. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.49 inch
0*= 10, o- 10 ksi at load

Maxgnificat~on: 48.0X
Test Case 31
Specimen 2-43-4

I " A y ,

II

Figure 77. Interferometry Photograph of a Loaded Crack in a

2024-T351 Specimen
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2024-T351, a = 0.98 inch
a= 10, a = 10 ksi unloaded

Magnificatyon: 48.3
Test Case 31
Specimen 2-43-5

Figure 78. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2F24rT351, a e P.98 incho ad c
a = 10, a = 10 ksi at load
M,?gn if icat~on : 42.4X

Test Case 31

Specimen 2-43-6

80ýFiur 79. Inefro r Phtgrp of a+ Lode Crc i
204T5 Seie
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2024-T351, a = 0.105 inch
a =-1.5, a-=15 ksi unloaded
iyagnificat~jon: 47.5X
Test Case 60
Specimen 2-40-1

Figure 80. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.105 inch
1 * -15, a 15 ksi atla

MagnificatioA: 47. lX
Test Case 60
Specimen 2-40-2

Figure 81. Interferonetry Photograph of a Loaded Crack in a
2024-T351 Speciman
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2024-T351, a =0.23 inch
a= -1.,5, a =15 ksi unloaded

M~dgnificatioX: 45.9X
Test Case 60
Specimen 2-40-3

Figue 8. Inerfromtry hotgrah ofan nloded rac ina

2024-351 Secime
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2024-T351, a =0.23 inch
cx -1.5, o- 15 ksi at load

MagnificatioX: 46.3X
Test Case 60
Specimen 2-40-4

I'

Figure 83. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.435 inch
T= -1.,5, a = 15 ksi unloaded
M agnificatioX: 45.6X
Test Case 60
Specimen 2-40-5

Figure 84. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.435 inch
a'= -1.,5, Cr =15 ksi at loadx

Magni ficatioA: 40.6X
Test Case 60
S ecimen 2-40-6

Figure 85. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.15 inch

0-= -1.*25,.= 25 ksi unloaded

MAgnificationY 46.OX

Test case 66
Specimen 2-28-1

IL

Figure 86. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 1.15 inch
aý = -1.,25, a 25 ksi at load
MxagnificationT 42.5X
Test Case 66
Specimen 2-28-2

orr

Figure 87. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.305 inch

a = -1.*25, a = 25 ksi unloaded
b~g~nificationY 46.4x
Test Case 66
Specimen 2-28-3.1

A'b

Figure 88. Interferometry Photograph of an Unloaded Crack in a
2024-T315 Specimen
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2024-T351, a = 0.305 inch
a= -1.25, a = 25 ksi unloaded

MaignificationY' 43.6X
Test Case 66
Specimen 2-28-3.2

4

Figure 89. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.305 inch
a = -1.*25, 0 = 25 ksi at load
M9 gni ficationý 29.7X
Test Case 66
Specimen 2-28-4

7wI
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oriur =1 0nfroer Phtgrp of ani UnladeoCrkend

Specimen5 Specimen
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7075-T6351, a = 0.25 inch
or = 0, 24 ksi overloaded
Magnificoa~io: 67. 3X
T.C. 99
Specimen -7-114-2

~ ~s>X

Figure 92. Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 7075-T7351 Specimen
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7075-T7351, a = 0.50 inch
a= 0, or = 12 ksi unloaded

Magn ifica~ion: 73.0X
'flst case 99
Specimen -7-114-3

AM

" It
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7075-T7351, a = 0.50 inch
S= 0, o = 24 ksi overloaded
Magnification: 22.6X
Test case 99
Specimen - 7-114-4

Figure 94. Interferometry Photograph of a Crack Unloaded
from a Single Overload in a 7075-T7351 Specimen
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7075-T7351, a = 1.005 inch
ar = 0, ar = 12 ksi unloaded
MXagnification: 21. 6X
Test case 99
Specimen 7-114-5

Figure 95. Interferometry Photograph of an
Unloaded Crack in a 7075-T7351
Specimen
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7075-T7351, a = 1.005 inch
S= 0, o = 24 ksi overloaded
MaXgnification: 22.9X
Test case 99
Specimen 7-114-6

Figure 96. Interferometry Photograph of a Crack Unloaded from a
Single-Overload in a 7075-T7351 Specimen
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7075-T7351, a = 0.265 inch
or= 6, ao 12 ksi unloaded

Magnifica~ion: 74.5X
Test Case 103
Specimen 7-25-1

Figure 97. Interferometry Photograph of an Unloaded Crack in a 7075-e,7351
Specimen 98



7075-T7351, a = 0.265 inch
7 =12, c - 24ksi overloaded
Magnifica~ion: 70.6X
Test Case 103
Specimen - 7-25-2.1

Figure 98. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen
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7075-T7351, a =0.265 inch
o_ =12, o = 24 ksi overloaded
Magnif icaion •77.4X
Test case 103
Specimen - 7-25-2.2

t .

Figure 99. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen

100



0= 6, o, = 12 ksi unloaded

.-Snecimen 7-ecine
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7075-T7351, a = 0.515 inch
or =12, a = 24 ksi overloaded
Magnification: 24.7X
Test Case 103
Specimen- 7-25-4

Figure 101. Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 7075-T7351 Specimen
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7075-T7351, a - 1.015 inch
or = 6, or - 12 ksi unloaded
Maxgnifica~ion: 35.3X
Test Case 103
Specimen -7-24-5

qA

Figure 102. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.020 inch
a =12, ca 24 ksi overloae
Maxgnifica~ion: 23.OX
Test Case 103
S ecimen 7-25-6

Figure 103. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen
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7075-T7351, a =0.245 inch
c.= -6.0 , o 12 ksi unloaded

1agnificatioK: 46.5x
Test Case 105
Specimen 7-53-1

Figure 104. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.245 inch
or =-12 , or = 24 ksi overloaded
Magnificatyon: 48.9X
Test Case 105
Specimen 7-53-2.1

44

Figure 105. Interferometry Photograph of a Crack Unloaded from a
USingle Overload in a 7075-T7351 Specimen I
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7075-T7351, a = 0.245 inch
Q 12, a =24 ksi overloadedxMagnificatiyon: 46. 7x
Test Case 105
Specimen 7-53-2.2

Figure 106. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen
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7075-T7351, a = 0.50 inch

orx=-6.0, ora 12ksi unloaded

Test Case 105

Spiezimen 7-53-3.1

Figure 107. Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
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7075-T7351, a 0.50 inch
or = -6.0, a'o = 12 ksi unloade
MggnificatioX: 47. 6X
Test Case 105
Specimen 7-53-3.2

4 A4

Figure 108. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T73.51, a =0.50 inch
Or =- 12 $ (T = 24 ksi overloaded
Mggnificat on: 44.5X
Test Case 105
Specimen 7-53-4

Figure 109. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen

110



7075-T7351, a = 1.01 inch
O = -6.0, 0 = 12 ksi unloaded

MagnificatioX: 47.5X
Test Case 105
Specimen 7-53-5

Figure 110. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen



7075-T7351, a = 1.01 inch

orx=- 12 , a = 24 ksi overloaded
Magnificatyon: 34.5X
Test Case 105
Specimen 7-53-6 -

Pi

Figure]11. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen
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2024-T351, a = 0.26 inch
a = 0, a = 10 ksi unloaded
Mbagnifica~ion: 66.6X
Test Case 101
Specimen 2-24-1

Figure 112. Interferometry Photograph of an Unloaded Crack
in a 2024-T351 Specimen
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2024-T351, a = 0.26 inch
a = 0, a =20 ksi overloaded
•aagnificaYion: 70.3X
Test Case 101
Specimen 2-24-2

Figure 113. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 2024-T351 Specimen
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2024-T351, a = 0.49 inch
a= 0, 10 ksi unloaded
Kagnific`Xtion: 35.9X
Test Case 10

Figure 114. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.49 inch
o = 0, a = 20 ksi overloaded
Kagnific~tion: 23.3X
Test Case 101
Specimen 2-24-4

%%

Figure 115. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 2024-T351 Specimen
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2024-T351, a = 0.93 inch
a =0, a =10 ksi unloaded
14agni fica~ion: 22 .5X
Test Case 101
Specimen 2-24-5

Figure 116. Interferometry Photograph of an Unloaded
Crack in a 2024-T351 Specimen
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2024-T351, a = 0.22 inch
a = 5, a = 10 ksi unloaded
M1agni ficaYion: 74.4X
Test Case 108
Specimen 2-38-1

Figure 117. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.2225 inch
c. =10, G = 20 ksi overloaded
Mdgnifica~ion 70.7X
Test Case 108
Specimen 2-38-2

Figure 118. Interferometry Photograph of a Crack Unloaded
from a Single Overload ina 2024-T351 Specimen
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2024-T351, a = 0.5 inch

a = 5 , a = 10 ksi unloaded

Figure 119. Interferometry Photograph of an Unloaded Crack
in a 2024-T351 Specimen
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2024-T351, a = 0.5 inch
� =10, 0 = 20 ksi overloaded
M�gnifica�ion: - 45.5x
Test Case 108
Specimen 2-38-4
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2024-T351, = 0.975 inch

5 1 0 ksi unloaded
! gfcaion: 44. 3X

Test Case 1-08
Specimen 2-38-5

Figure 121. Interferometry Photograph of an Unloaded Crack in
a 2024-T351 Specimen
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2024-T351, a = 0.975 inch
G =10, a = 20 ksi overloaded
Mxagnifica~ion: 22.8X
Test Case No. 108
Specimen 2-38-6

Figure 122. Interferometry Photograph of a Crack Unloaded
from a Single Overload in a 2024-T351 Specimen
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2024-T351, a = 0.275 inch
ox= -5.0, Oy= 10 ksi unloaded

Magnification: 43. 6X
Test Case 110
Specimen 2-41-1

i
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Figure 123. Interferometry Photograph of an Unloaded Crack
in a 2024-T351 Specimen
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2024-T351, a = 0.28 inch
Gx= -10 , Gy= 20 ksi overloaded

Magnification: 46.3X
Test Case 110
Specia 21-.2.l

Figure 124. Interferometry Photograph of a Crack Unloaded
from a Single Overload in a 2024-T351 Specimen
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2024-T351, a = 0.28 inch
xa = -10 , Oy= 20 ksi overloaded

Magnification: 45.9X
Test Case 110
Specimen 2-41-2.2

t!

Figure 125. Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 2024-T351 Specimen
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2024-T351, a = 0.5 inch
Cy -5.0, a= 10 ksi unloaded

Magnification: 46. 3X
Test Case 110
Specim~en 2-41-3

Figure 126. Interferometry Photograph of an Unloaded Crack
om a 2024-T351 Specimen
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2024-T351, a = 0.5 inch
ax = -. 10 , a Y= 20 ksi overloaded
Magnification: 40.7X
Test Case 110
Specimen 2-41-4

81

Figure 127. Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 2024-T351 Specimen
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2024-T351, a = 1.005 inch
0rx= -50 , cyy 10 ksi unloaded
Magnification: 45.4X
Test Case 110
Specimen 2-41-5.1

42

Figure 128. Interferometry Photograph of anUnoddCaki
a 2024-T351 Specimen
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2024-T351, a = 1.005 inch
Ox= -5.0, oa= 10 ksi unloaded

Magnification: 47.3X

Test Case 110
Specimen 2-41-5.2

tt

%I

ft

" V :

Figure 129. Interferometry Photograph of an Unloaded Crack

in a 2024-T351 Specimen
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2024-T351, a = 1.02 inch

ox= 10 , oyy= 20 ksi overloaded
Mdgnification: 34. 5X
Test Case 110
Specimen 2-41-6

'Jot"

<'VT
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Figure 130. Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 2024-T351 Specimen
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7075-T7351, a = 0.275 inch
or = 1. 2, or = 12 ksi unloaded
Magnificati&n: 51.5X
Test Case 39
Specimen 7-54-1

Figure 131. Interferometry Photograph
of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a =0.495 inch
a= 1.2, oy 12 ksi unloaded

Magnificatign: 47. OX
Test Case 39
Specimen 7-54-2.1

4V

Figre 32.Interferometry Photograph of an Unloaded Crack
in a 7075-T7351 Specimen
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7075-T7351, a = 0.495 inch
or = 1. 2 ,a = 12 ksi unloaded
Magn ificatign: 46.6X
Test Case 39
Specimen 7-54-2.2

tr

Figure 1~33. Interferometry Photograph of
an Unloaded Crack in a 7075-T7351 Specimen
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7075-T7351, a = 0.745 inch
cy = 1.2, ar = 12 ksi unloaded
Axgnificatign: 47.1iX
Test Case 39
Specimen 7-54-3

A4

Figre134 Iterermery hoogrphofAnMnodePrcki

7075-T351 Secime
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7075-T7351, a = 0.990 inch

or= 1.2, 0 = 12 ksi unloaded
Maxgnificati&n: 24.9X
Test Case 39
Specimen 7-54-4

Figure 135. Interferometry Photograph of an Unloaded Crack in

a 7075-T7351 Specimen
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7075-T7351, a = 0.250 inch

Cr= .60, ar = 12 ksi unloaded
Magnificati~n: 48. 9X
Test Case 41
Specimen 7-106-1

Figure 136., Interferometry Photograph of an Unloaded Crack in
a 7075-T7351 Specimen
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7075-T7351, a = 0.505 inch
or = .60, a = 12 ksi unloaded
Mxagn ificatign: 56.OX
Test Case 41
Specimen 7-106-2

Figure 137. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.75 inch

= .60, a, = 12 ksi unloade
Magnificatign: 49.1LX
Test Case 41
Specimen 7-106-3

4K

Figure 138. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.50 inch
or = -42.2 ar = 12 ksi unloaded
MagnificatioX: 45.0X
Test Case 42
Specimen 7-42-1

4,

Figure 139. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.50 inch
a= -4.2, ar = 12 ksi at load

MagnificatioX: 45. 3X
Test Case 42
Specimen 7--42-2

Figure 140. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.02 inc
a -4.2, ar = 12 ksi ulae
MagnificatioX: 45.5X
Test Case 42
Specimen 7-42-3

Figure 141. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.02 inch

a= -4.*2, o- = 12 ksi at load
MK g, fcatoK:44. 8X

Test Case 42
Specimen 7-42-4

Figure 142. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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2024-T351, a = 0.245 inch

ax= 1.0, G = 10 ksiunaec
magnificatign: 48.5X
Test Case 43
Specimen 2-12-1

Figure 143. Interferometry Photograph of an Unloaded Crack
in a 2024-T351 Specimen
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2024-T351, a = 0.5 inch
a = 1.0, a = 10 ksi unloaded
Mxagnificati~n: 48. 5X
Test Case 43
Specimen 2-12-2

A'

Figure 144. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.5 inch
Ga = 1.0, a = 10 ksl. at load

Magnficaign:45.6

Figure 145. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen 146



2024-T351, a = 0.985 inch
a = 1.0, a = 10 ksi unloaded
MagnificatiLn: 48.OX
Test Case 43
Specimen 2-12-4

41

-AWL

47

Figure 146. Interferometry Photograph of an Unloaded Crack
in a 2024-T351 Specimen
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24-T351, a = 0i.985 inch
= I,0, 0 = 10 ksi at load

Magnificatign:- 31.8X

Test Case 43
Specimen 2-12-5

Figure 147. Enterferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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7075-T7351, a = 0.5 inch
a =-.,a =12 ksi unloaded
O4gnificatlon: 45.0X
Test Case 44
Specimen 2-35-1

Figure 148. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.5 inch

a=-8.4, a = 12 ksi at la
Maagnificatioý: 45. 2X
Test Case 44
Specimen 2-35-2

Figure 149. Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
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7075-T7351, a = 1.02 inch
Co = -8.*4, a = 12 ksi unloaded
14 gni ficatioA: 45.OX
Test Case 44
Specimen 2-35-3.1

Figure 150. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.02 inch
a =-8.4, a =12 ksi unloaded
M~gnificat~on: 46.5X
Test Case 44
Specimen 2-35-3.2

Figure 151. Interferometry Photograph of an Unloaded Crack in a
7075.-T7351 Specimen

152



7075-T7351, a -1.02 inch

a = - a 4 12 ksi at load

Test Case 44
Specimen 2-35-4

Figure 152. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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2024-T351, a = 0.25 inch
a -0.5, a " 10 ksi unloaded
M~gnificatign: 46.8X
Test Case 45
Specimen 2-7-1

Figure 153. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.25 inch
a =0.5,' a = 10 ksi at load
la gn ificatign: 47. 2X
Test Case 45
Specimen 2-7-2

Ib

A,

Figure 154. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.495 inch
a = 0.5, a = 10 ksi unloaded
Mýgn ificatiLn: 44.2X

Test Case 45
Specimen 2-7-3

Figure 155. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.495 inch

a= 0.5, a = 10 ksi at load
Axgnficai~n:45 .8X

Test Case 45
Specimen 2-7-4.1

Figure 156. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.495 inch

ax= 0.5, a = 10 ksi at load
Magnficai~n:44. Ox

Test Case 45

Figure 157. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a - 0.99 inch
a = 0.5, a = 10 ksi unloaded
Mggnificatign: 47.9X
Test Case 45
Specimen 2-7-5

Figure 158. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a =0.99 inch
CF = 0.5, j = 10 ksi at loa
Ma gn ificatign: 46.6x
Test Case 45
Specimen 2-7-6

Figure 159. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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7075-T7351, a = 0.505 inch
Ox =-4.2,' = 12 ksi unloaded
Magnificatyon: 46.OX
Test Case 46
Specimen 2-27-1

Figure 160. Interferometry Photograph of an Unloaded Crack
in a 7075-T7351 Specimen
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7075-T7351, a = 0.505 inc

a =-4.2, a 7 12 ksi atla

Test Case 46

Specimen 2-27-2

Figure 161. Interferometry Photograph of a Loaded Crack i.n a
7075-T7351 Specimen
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7075-T7351, a = 1.035 inch
a =-4.2, a =12 ksi unloaded
Ma~gnificatijvn: 50. 6X
Test Case 46
Specimen 2-27-3

Figure 162. Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
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7075-T7351, a = 1.035 inch
cy =--4.2, a = 12 ksi at load
Mvfagnifica'tign: 43.9X
Test Case 46
Specimen 2-27--4

Figure 163. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.75 inch

(7x = 42, 7 12 ksi unloaded

Test Case 72
Specimen 7-116-1

III

Figure 164. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.75 inch
ar = 4.2, or = 12 ksi at load
Magn ificatiLn: 37 .3X
Test Case 72
Specimen 7-116-2

AI

Figure 165. Thterferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.00 inch
crx=4.2, a = 12 ksi unloaded

Magnificatign: 47.4X
Test Case 72
Specimen 7-116-3

Fiue16. Itefrmer hoorpho n node rcki

705T31Seie
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7075-T7351, a = 1.00 inch
ox = 4.2, cr = 12 ksi at load
MagnificatiL:~ 30. 6x
Test Case 72
Specimen 7- 116-4

AW V

Figure 167. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.525 inch
a = 4.2, a = 12 ksi unloade
Mggnificati~n: 46.6X
Test Case 106
Specimen 2-30-1

Figure ~ ~ AI 16.Itreoer htgaho nUlae rc

in a7075T735 Speime
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7075-T7351, a = 0.77 inch
ay = 4.2, a = 12 ksi unloaded
Magnificatix'n: 44.2X
Test Case 106
Specimen 2-30-2

IZk

Figure 169. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.015 inch
a. = 4.2, a = 12 ksi unloaded
Mitgnificati~n: 47.7X
Test Case 106
S ecimen 2-30-3

ý44

Figure 170. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specinen
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